Light source was a home-built cavity-dumped Ti:sapphire laser. Center wavelength of the laser was adjusted to 780 or 720 nm for the TRF measurements of HBQ or HBT, respectively. Pulse durations were about 25 fs. The cavity-dumping provided pulse energy over 60 nJ at 380 kHz repetition rate. Second harmonic generation in a 200 μm thick lithium triborate (LBO) crystal generated the pump pulses at 360 and 390 nm, and the remaining fundamentals served as gate pulses. In order to prevent photodamage, energies of the pump pulses were reduced to 1 nJ.
Quantum mechanical calculation
We have performed ab initio quantum mechanical calculations to obtain the molecular structures and normal modes of the enol and keto isomers, followed by the projection of the displacement between the two structures onto the normal modes of the keto isomer. Detailed procedure to get the dimensionless projection of the displacement using curvilinear coordinate has been reported. 1 Dimensionless projection of the displacement onto the normal mode i of the product is ( )
where l is a diagonal matrix containing the zero point lengths of the normal modes of the product
c is the (3n×n ν ) matrix containing the n ν vibrational eigenvectors of the product, and m is the (3n×3n) diagonal matrix whose nonzero elements are the masses of the atoms associated with each Cartesian coordinate. x R and x P represent the geometries of the reactant (enol) and the product (keto). The vibrational reorganization energy is given by
Quantum mechanical calculations were carried out using the Gaussian 03 package. 2 Optimized geometries and frequencies of the normal modes of the ground state enol isomers were calculated by the density functional theory (RB3LYP) using the basis set 6-31+G(d). Geometry optimizations and frequency calculations of the excited state keto isomers were performed by the CIS method. Molecular structure and atom labeling scheme for HBQ and HBT in keto isomers are shown in Figure S1 and S2, respectively. Optimized geometries of HBQ and HBT keto isomers are shown in Table S1 and S2, respectively. Normal modes of the excited keto isomer, their frequencies, dimensionless projections (δ i ), and corresponding vibrational reorganization energies (λ i ) for HBQ and HBT are listed in Table S3 and S4, respectively. Figure S1 . Molecular structure and atom labeling scheme for HBQ in keto form. Red and blue spheres represent oxygen and nitrogen atoms, respectively. Figure S2 . Molecular structure and atom labeling scheme for HBT in keto form. Red, blue, and yellow spheres represent oxygen, nitrogen, and sulfur atoms, respectively. 
